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INTRODUCTION

The Clouds and the EarthRadiant Engly System (CERES) fluxes indicated by the instruments. The results for 1995 are
satellite is scheduled for launch in the Fall of 1997 aboard thehown in Figure 2.

Tropical Rainfall Measuring Mission (TRMM) platform

(Wielicki et al. 1996). A surface measurement pilot study hasSimilar downlooking instrumentation is mounted below a UH-
been initiated in a 37-km region near Richmond, VA, for com-1 helicopter (Wheeler et al. 1996) for collection of upwelling
parison with the CERES surface flux retrievals (see Figure 1¥lux over a 37-kilometer region surrounding the surface site on
Two-minute averaged upwelling and downwelling surfaceclearsky days during each of the four seasons.dfskis data
fluxes over a mostly deciduous forest have been recorded daify conjunction with surface uplooking data obtained at the site
for the past two years, and show a broadband, shortwave dailyring the same time period enables the computation of the
albedo increase during the summer months. Evidence is prgjpedo over the entire region, and will provide a better com-

sented that indicates vegetational changes in the forest as thgrison with satellite data than measurements obtained at a
overriding mechanism for this change. Upwelling flux mea-gingle location.

sured over the entire region by helicoptesunted instrumen-
tation has been processed for four solar seasons. Future plﬁSCUSSlON
include the installation of four more albedo surface sites over

various types of vegetation throughout the region. . - .
yp 9 g 9 Figure 2 indicates a steady albedo marred by occasional pre-

cipitation at the beginning of the yeakn increasing trend
began to occur on about day 95, and reached a peak on about

APPARATUS

The instrumentation, procedures, and sample output produc

are provided elsewhere at this conferefMeats et al. 1996,
Wheeler et al. 1996). Brieflyhe surface instrumentation con-
sists of five uplooking and downlooking wide-field-of-view
radiometers: broadband longwave (5-p@n), broadband
shortwave (0.3-3im and 0.4-1.1um), narrowband shortwave
(.51-.61 um), and photosynthetically-active radiationAfR
0.4-0.7um). The downlooking radiometers are mounted on a
GTE cellular telephone tower 140 feet above the forest can-
opy, while the uplooking instruments are located above the
shadowing effects of the forest on a smaller, 70-foot tower. An
all-sky cloud camera enables the identification of cloud type
throughout each day, and an additional camera mounted above
the forest records seasonal vegetation changes of the canopy]
The daily-average broadband albedo is computed as the ratio
of the sum of the upwelling shortwave flux for the entire day
divided by the sum of the downwelling shortwave flux for the
entire day Only daytime data was used for the computation in

an efort to eliminate the impact of the negative night-time Fgure 1 -- 37 kmregion of helicopter nadir al bedo flights Dot
inside of box denotes |ocation of surface neasurenent.
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Figure 2 -- Daily averaged boadband shortwave g re 3 -- Instantaneous surface albedo over
igggce albedo over forest in Southeast Virginia.  forest site for a solar zenith angle of 49 degrees.

day 130. Thereafterthe albedo decreased slowly until the year and therefore a “cloudy season” or “sunny season”
tower became inoperative on day 225. A slight increase ishould not be responsible for the seasonal albedo change.
albedo occurred while the tower was off line, but it tapered offinspection of the figure also reveals that the seasonal variation
to values nearly the same as those found at the beginning of albedo is present for cleaky days throughout the yedur-
the year Mechanisms that may be causing this seasonal variaher indicating that variation in cloud type is not the culprit.
tion in the daily albedo include maximum solar elevation, sea-
sonal cloud variations, changes in vegetation, and soiBeasonal changes in vegetatioviegetation changes were
moisture. All of these items will be discussed here except fovideo taped with a camera placed well above the forest can-
the soil moisture (soil moisture measurements were not avaibpy. The appearance of the canopy was divided subjectively
able at the tower in 1995.) into 5 categories -- bare, green, brown, orange, and. Srie@v
results of this tedious task are shown in Figure 5. The appear-
Maximum solar elevation angl&he albedo over the forest is ance of the forest remained constant until day 94, at which
not continuous throughout any given détyis generally the point it started to “green up” rather rapidlishe metamorpho-
greatest at the beginning and end of the ddyen low solar  sis was complete on day 121, and the forest remained com-
elevations lead to increased specular reflection. Hence, ormetely green until day 286. As Autumn ensued, the percentage
might expect the albedo to decrease in the summer monthef green in the forest dropped to the previous winter value of 5
when a greater portion of the day is influenced by high solapercent on day 334.
elevations. This is contrary to the trend that seen in Figure 2,
so it may be inferred that the daily maximum solar elevatioriThe vegetation changes of the forest in the 2nd quarter of the
angle is not the predominant mechanisfae@ing the seasonal year appear to be in phase with the seasonal changes of the
change in the forest albedo. albedo shown in Figure 2. That is, the albedo increases as the
deciduous trees in the forest renew their leaves. The albedo
Further evidence in support of this hypothesis may bedecreased some throughout the summer when there was no
observed by inspection of the broadband instantaneous albedbange in the forest, but 1995 was a hot and dry summer in
measured at constant solar elevation, shown in Figure 3. Ea@outheast Wginia, and this may have had an impact on the
data point in Figure 3 represents the 2-minute averaged albeddbedo. It should be noted that the percentage of bare forest
when the solar zenith angle decreases to 49 degrees for thas greater at the end of 1995 than at the beginning (at the
first time of the dayThis processing of the data at a constantexpense of the brown forest.) This may be why the daily
solar zenith angle eliminates any impact of maximum solaalbedo is slightly higher at year’s end. (Fig. 2).
elevation found in daily-averaged albedos. Howgether short

temporal scale of this plot makes it more susceptible to nOiS?UTURE VALIDATION PLANS

induced by inhomogeneous clouds. The annual trend in instan-

taneous albedo in Figure 3 is similar to the trend of the dail)fnstrumentation has been procured for the installation of four
albedo in Figure 2, indicating that seasonal albedo changes ' P . - .

. ) S portable measurement sites throughout this region. Each site
still occur at a constant solar illumination angle.

will contain broadband shortwave, narrowband shortwave,

Seasonal cloud variatioThe instantaneous albedo at the pro- ?nd e\./ltlelz)tually A tt :jadlometze(;sf. Dtownlogklngl mstrumen.ta-
jected CERES overpass time for various cloud types observed" W be mounted on a sL-1oot guyed pole over various
by the all-sky camera is shown in Figure 4. It is not apparen.\’ege’["jltlon types throughout the region, with the accompany-

that any particular cloud type is favored during any time of the"9 uplookers on 6-foot tripods nearl{fhis instrumentation



FromProceedings of the 9th AMS Conference on Atmospheric Radiating Beach, CA, Feb 2-7, 1997,p.456.

ag oty e
L ?I;;f-h_,._‘,- Y _
£ s aen P, il S MR o
e % *
- *

+

REFERENCES

Moats, C. D., G. L. SchustdR. J. WheelelS. R. LecroyK. T.

Larman, E. K. Fedl|, C. H. Whitlock, 1996: The CERES
Southeast Viinia Forest Pilot StudyProceedings of the
Ninth Conference on Atmospheric Radiation of the AMS,
2-7 February 1996, Long Beach, CA.

o S Wheeler R. J., G.C. Pgold, and C.H. Whitlock, 1996: The

CERES Airborne Radiometer Scannéroceedings of
the Ninth Conference on Atmospheric Radiation of the
AMS, 2-7 February 1996, Long Beach, CA.

Wielicki, B. A., B. R. Barkstrom, E..FHarrison, R.B. Lee lll,

Figure 4 -- Instantaneous surface albedo over
forest site at 1554 GMT, 1995.

was used during the Atmospheric Research Measurement
(ARM) Enhanced Shortwave Experiment (ARESE). A more
complete description may be found on the internet at http:/
wind.larc.nasa.gov:800T)he albedo measured at these sites
may then be extrapolated to the entire region with land-type
weighting functions obtained from Landsat imageiryabling
comparisons with helicopter measurements and CERES sur-
face retrievals.

CONCLUSION

Daily surface albedo over a mostly deciduous forested site in
Southeast Wginia has been monitored for the past two years
as part of a CERES validation pilot studyhe data indicate
that vegetation changes are the primary cause of the seasonal
variation in the albedo. Helicopterounted flux instrumenta-
tion has been used to measure the albedo in a 37-km region
surrounding the surface site for four solar seasons. Future
plans include a network of albedo instrumentation throughout
this region. Both the helicopter measurements and the surface
measurements will be used to validate CERES surface flux
retrieval algorithms.
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Figure 5 -- Visual appearance of the forest
at the surface measurement site.
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